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This document is Volume I1 of the annual report on 
NASA Contract NASS-20330, "A Study of Cryogenic Propellant 
Stratification Reduction Techniques," 
formed by the Fort Worth Division of General Dynamics 
Corporation for the George C. Marshall Space Flight Center 
of the National Aeronautics and Space Administration. The 
program was conducted under the technical direction' of 
Mr. T. W. Winstead of the MSFC Propulsion and Vehicle 
Engineering Laboratory. 
of this study is gratefully acknowledged, 
The study was per- 
His assistance in the performance 
The final report consists of two vohmes: 
Volume I. Mixer Design and 
Experimental Investigations 
Volume 11. Experimental Data 
Volume I contains a presentation of the experimental and 
mixer design investigations, together with a summary of the 
important findings of the study. 
presentation of the experimental data utilized in the study. 




Fort Worth Division 
T A B L E  O F  C O N T E N T S  
FOREWORD 
LIST OF FIGURES 
LIST OF TABLES 
NOMENCLATURE 
1. INTRODUCTION 
2. OPEN TANK TEST DATA 
2 . 1  Jet  Motion Data 
2.2 Jet Mixing Data 
3 .  CLOSED TANK TEST DATA 
Page  
iii 











Fok Worth Divisiun 
L I S T  O F  F I G U R E S  
2 . 1 - 1  Axial Je t  Motion After Pump Turned On: 
Test 1 3 5 ,  Run 39 17  
18 
19  
2 .1 -2  Axial Jet  Motion After Pump Turned On: 
Test 137, Run 37 
Axial Jet  Motion After Pump Turned On: 
Test 1 3 7 ,  Run 38 
2 .1 -3  
Axial Jet  Motion After Pump Turned On: 
Test 1 5 7 ,  Run 36 
2 . 1-4 
20 
2 .1 -5  Axial Jet  Motion After Pump Turned On: 
Test 158 21 
2.1-6 Axial Jet Motion After Pump Turned On: 
Test 8 ,  Run 54 22 
2.1-7 Axial Jet Motion After Pump Turned On: 
Test JP1  23 
24 
2 . 1-8 
2.2-1 
Axial Jet  Motion After Pump Turned On: 
Test JP2 




2 . 2-2 Correlation of Axial Jet  Dye Layer for 
Region I: Test 1, Run 48 27 
Temperature Distribution for Axial Jet  
Flow: Test 1, Run 48 
2 .2 -3  
28 
29 
2 . 2 - 4  
2 .2-5  
Transient Temperature Destratification: 
T e s t  1, Run 48 
Transient ATemperature Des tratif ieation: 
Test 1, Run 48 30 
v i i  
GENERAL - DYNAMICS 








2 . 2-13 
.2-14 
2.2-15 




L I S T  O F  F I G U R E S  (Cont'd) 
Fraction of I n i t i a l  Temperature Difference 
After Surface Temperature Starts t o  Drop 
(Pump on a t  8 = 0.0 sec; Surface Tempera- 
ture  Drops a t  el * 0.0 sec): Test 1, 
Run 48 
Transient Energy Integral:  Test 1, Run 48 
Axial J e t  Dye Layer Motion: T e s t  2 ,  Run 47 
Axial Dye Layer Motion: T e s t  3, Run 49 
Axial Jet Dye Layer Motion: Test 3, Run 49 
Correlation of Axial Jet Dye Layer Motion 
for  Region I: Test 3, Run 49 
Temperature Distribution for Axial Jet  
Flow: T e s t  3, Run 49 
Transient Temperature Destratif ication: 
Test 3, Run 49 
Transient ATempera tu re  Des tra t i f i c a  t ion : 
T e s t  3, Run 49 
Fraction of I n i t i a l  Temperature Difference 
After Surface Temperature Starts t o  Drop 
(Pump on a t  0 = 0.0 sec; Surface Tempera- 
ture  Drops a t  el = 0 , O  sec): T e s t  3, 
Run 49 
Transient Energy Integral:  T e s t  3, Run 49 
Axial Dye Layer Motion: Test 4, Run 53 
Axial J e t  Dye Layer Motion: T e s t  5, 
Run 50 
Correlation of Axial Jet Dye Layer Motion 






















2 . 2-23 







2 . 2-31 
2.2-32 
Fort Worth Division 
L I S T  O F  F I G U R E S  (Cont'd) 
Temperature Distribution f o r  Axial Jet 45 
Flow: Test 5, Run 50 
Transient Temperature Des t r a  ti f i c  a t ion : 
Test 5, Run 50 
46 
Transient 
Test 5, Run 50 
A Temperature Des tra t i f  ica t ion  : 47 
Fraction of I n i t i a l  Temperature Difference 
After Surface Temperature Starts t o  Drop 
(Pump on a t  8 = 0.0 Sec; Surface Tempera- 
ture Drops a t  el - 0.0 sec): Test 5, 
Run 50 
48 
Transient Energy Integral:  Test 5, Run 50 49 
Temperature Distribution for Axial Jet 
Flow: Test 6, Run 51 
50 
Transient Temperature Destratification: 5 1  
Test 6, Run 51 
Transient Eemperature Des tra t i f  ica tion : 
Test 6, Run 5 1  
52 
Fraction of I n i t i a l  Temperature Difference 
After Surface Temperature Starts t o  Drop 
(Pump on a t  0 = 0.0 sec; Surface Tempera- 
ture Drops a t  8 = 0.0 sec): Test 6, Run 51 
53 
Transient Energy Integral: T e s t  6, Run 51 54 
Axial Jet  Dye Layer Motion: Test 8, Run 54 55 
Correlation of Axial get Dye Layer Motion 
for Region I: T e s t  8, Run 54 
56 
Transient Temperature Destratification: 57 
Test 8, Run 54 




2 . 2-34 




2 . 2-39 
2.2-40 
2 . 2-41 
2 . 2-42 
2 . 2-43 
2.2-44 
2 . 2-45 
2.2-46 
Fort Worth Division 
L I S T  O F  F I G U R E S  (Cont'd) 
Fraction of I n i t i a l  Temperature Difference 
A f t e r  Surface Temperature Starts t o  Drop 
(Pump on a t  8 = 0.0 sec; Surface Tempera- 
ture Drops a t  8 = 0.0 sec): Test 8,  1 Run 54 
Transient Energy Integral:  T e s t  8,  Run 54 
Axial Jet Dye Layer Motion: Test 9 ,  Run 55 
Correlation of Axial J e t  Dye Layer Motion 
for  Region I: T e s t  9 ,  Run 55 
Temperature Distribution for Axial Jet 
Flow: T e s t  9, Run 55 
Transient Temperature Destratif ication: 
T e s t  9 ,  Run 55 
Transient ATemperature Destratif ication: 
Test 9 ,  Run 55 
Fraction of I n i t i a l  Temperature Difference 
After Surface Temperature Starts t o  Drop 
(Pump on a t  8 = 0.0 sec; Surface Tempera- 
ture Drops a t  el = 0.0 sec): T e s t  9 ,  
Run 55 
Transient Energy Integral:  Test 9, Run 55 
Axial Dye Layer Motion: T e s t  10 
Axial Dye Layer Motion: Test 11 
Axial Dye Layer Motion: Test 1 2  
Axial J e t  Dye Layer Motion: 
Run 56 
T e s t  14, 
Correlation of Axial Jet Dye Layer Motion 















7 1  
X 
GENERAL. DYNAMICS 
Fort Worth Division 
- 
Figure 
2 . 2-47 
2 2-48 
2-2-49 
2 . 2-50 









L I S T  O F  F I G U R E S  (Cont'd) 
Temperature Distribution for  Axial Jet 
Flow: T e s t  14, Run 56 
Transient Temperature Destratif ication: 
T e s t  14, Run 56 
Transient ATanperature Destratif ication: 
T e s t  14, Run 56 
Fraction of I n i t i a l  Temperature Difference 
After Surface Temperature Starts to  Drop 
(hrmp on a t  8 = 0.0 sec; Surface Tempera- 
ture Drops a t  8 = 0.0 sec): T e s t  14, 1 Run 56 
Transient Energy Integral:  Test 14, Run 56 
Axial J e t  Dye Layer Motion: T e s t  15, Run 57 
Correlation of Axial Jet Dye Layer Motion 
for  Region I: T e s t  15, Run 57 
Axial Dye Layer Motion: Test 16, Run 58 
Axial Dye Layer Motion: Test 17 ,  Run 59 
Temperature Distribution fo r  Axial Jet 
Flow: T e s t  19, Run 61  
Trans Lent Temperature Des t r a t i f  i c  a t ion  : 
T e s t  19,  Run 61 
Transient ATemperature Destratif ication: 
Test 19, Run 61  
Fraction of I n i t i a l  Temperature Difference 
A f t e r  Surface Temperature Starts to  Drop 
(Pump on a t  8 = 0.0 sec; Surface Tempera- 
ture Drops a t  = 0.0 sec): Test 19, 

















Fort Worth Division 
L I S T 0 F F I G U R E S (Cont'd) 
Figure 









Transient Energy Integral: Test 19, Run 61 
Transient Energy Integral: Test 19, Run 61 
Axial Jet Dye Layer Motion: Test 24, Run 71 
Correlation of Axial Jet Dye Layer Motion 
for Region I: Test 24, Run 71 
2 . 2-64 Temperature Distribution for Axial Jet 
Flow: Test 24, Run 71 
89 
2.2-65 Transient Temperature Destratification: 
Test 24, Run 71 
90 
2.2-66 Transient ATemperature . Destratification: 
Test 24, Run 71 
91 
2.2-67 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8 = 0 .0  sec; Surface Tempera- 






Transient Energy Integral: Test 24, Run 71 93 




Correlation of Axial Jet Dye Layer Motion 
for Region I: Test 27, Run 74 
95 
Temperature Distribution for Axial Jet 
Flow: Test 27, Run 74 
96 
2.2-72 Transient Temperature Destratification: 
Test 27, Run 74 
97 
98 2.2-73 Transient ATernperature Destratification: 
Test 27, Run 74 
xii 
Fort Worth Division 
Figure 




2 . 2-78 
2.2-79 





L I S T 0 F F I G U R E S (Cont'd) 
* Page 
Fraction of I n i t i a l  Temperature Differ- 99 
ence After Surface Temperature Starts 
t o  Drop (Pump on a t  8 - 0.0 sec; Sur- 
face Temperature Drops a t  
Test 27, Run 74 
= 0.0 sec): 
Transient Energy Integral: Test 27, 100 
Run 74 
Axial J e t  Dye Layer Motion: Test 28, 101 
Run 65 
Correlation of Axial Jet Dye Layer 102 
Motion for  Region I: Test 28, Run 65 
Axial J e t  Dye Layer Motion: T e s t  29, 103 
Run 66 
Correlation of Axial Jet Dye Layer 
Motion for  Region I: T e s t  29, Run 66 
104 
Transient Temperature Destratif ication: 105 
Test 29, Run 66 
Transient ATemperature Des tra t i f  ica- 106 
tion: T e s t  29, Run 66 
Fraction of I n i t i a l  Temperature Differ- 
ence After Surface Temperature Starts 
t o  Drop (Pump on a t  8 = 0.0 sec; Sur- 
face Temperature Drops a t  8,. = 0.0 sec): 
Test 29, Run 66 
107 
Transient Energy Integral:  T e s t  29, 108 
Run 66 








2 . 2-87 
2 . 2-88 







L I S T  O F  F I G U R E S  (Cont'd) 
Correlation of Axial Jet  Dye Layer 
Motion for  Region I: 
Run 68 
T e s t  30, 
Axial J e t  Dye Layer Motion: 
Run 67 
Test 31, 
Correlation of  Axial Jet  Dye Layer 
Motion for  Region I: 
Run 67 
Test 31, 
Transient Temperature Destrat i f ica-  
tion: Test 31, Run 67 
Transient ATemperature Destratif ica- 
t ion: Test 31, Run 67 
Fraction of I n i t i a l  Temperature 
Difference After Surface Temperature 
Starts t o  Drop (Pump on a t  8 = 0.0 
see; Surface Temperature Drops a t  
el = 0.0 sec): 
Transient Energy Integral:  Test 31, 
Run 67 
Test 31, Run 67 
Transient Temperature Destratif ica- 
t ion: Test 32, Run 69 
Transient ATemperature Destratif ica- 
tion: Test 32, Run 69 
Fraction of I n i t i a l  Temperature 
Difference After Surface Temperature 
Starts t o  Drop (Pump on a t  8 = 0.0 
sec; Surface Temperature Drops a t  
= 0.0 sec): T e s t  32, Run 69 
















Fort Worth Division 
- 
L I S T 0 F F I G U R E S (Cont'd) 
Figure 
2.2-96 Axial Jet Dye Layer Motion: Test 33, 
Run 70 
2.2-97 Correlation of Axial Jet Dye Layer 
Motion for Region I: Test 33, Run 70 
2 2-98 Temperature Distribution for Axial 
Jet Flow: Test 33, Run 70 
2.2-99 Transient Temperature Destratification: 
Test 33, Run 70 
2 * 2-100 Transient memperature Des trati f ication : 
Test 33, Run 70 
2.2-101 Fraction of Initial Temperature Differ- 
ence After Surface Temperature Starts 
to Drop (Pump on at 8 - 0.0 sec; Sur- 
face Temperature Drops at el = 0.0 sec) 
Run 70 
2.2-102 Transient Energy Integral: Test 33, 
2.2-103 Temperature Distribution for Axial 
Jet Flow: Test 35, Run 76 
2.2-104 Transient Temperature Destratification: 
Test 35, Run 76 
2.2-105 Transient ATemperature Des tra ti f ica tion : 
Test 35, Run 76 
2.2-106 Fraction of Initial Temperature Differ- 
ence After Surface Temperature Starts 
to Drop (Pump on at 8 = 0.0 sec; Sur- 
face Temperature Drops at 8 = 0.0 sec) 
Test 35, Run 76 1 
















Fort Worth Division 
L I S T 0 F F I G U R E S (Cont'd) 
Finure Page 
2 * 2-108 Axial Jet Dye Layer Motion: Test 36, 133 
Run 77 
2-2-109 Correlation of Axial Jet Dye Layer 134 
Motion for Region I: Test 36, Run 77 
2 * 2-110 Axial Jet Dye Layer Motion: Test 40, 135 
Run 78 
2 * 2-111 Temperature Distribution for Axial Jet 136 
Flow: Test 42, Run 80 
2 * 2-112 Temperature Distribution for Axial Jet 137 
Flow: Test 102, Run 9 
2.2-113 Axial Dye Layer Motion: Test 112, 13 8 
Run 25 
2 2-114 Temperature Distribution for Axial Jet 139 
Flow: Test 121, Run 27 
2,2-115 Transient Temperature Destratification: 140 
Test 121, Run 27 
2.2-116 Transient ATemperature Des tratification: 141 
Test 121, Run 27 
2 * 2-117 Fraction of Initial Temperature Differ- 142 
ence After Surface Temperature Starts 
to Drop (Pusnp on at 8 = 0,O sec; Sur- 
face Temperature Drops at el = 0 ,o  see): 
Test 121, Run 27 
2.2-118 Transient Energy Integral: Test 121, 143 
Run 27 
2,2-119 Axial Dye Layer Motion: Test 133, 144 
Run 43 
2 2-120 Correlation of Axial Jet Dye Layer 145 
Motion for Region I: Test 133, Run 43 
Rvi 
GENERAL DYNAMICS - 
Fort Worth Division 
L I S T 0 F F I G U R E S (Cont'd) 
Figure a Page 
2 . 2-121 Correlation of Axial Jet Dye Layer 146 
Motion for  Region 11: Test 133, Run 43 
2 2-122 Correlation of Axial J e t  Dye Layer 147 
Motion for  Region 111: Test 133, Run 43 
2 . 2-123 Temperature Distribution for  Axial Jet 148 
Flow: Test 133, Run 43 
2 . 2-124 Axial J e t  Dye Layer Motion: T e s t  134, 149 
Run 44 
2.2-125 Correlation of Axial Jet Dye Layer 150 
Motion for  Region I: Test 134, Run 44 
2 e 2-126 Axial J e t  Dye Layer Motion: Test 135, 151 
Run 39 
2.2-127 Correlation of Axial J e t  Dye Layer 152 
Motion for  Region I: T e s t  135, Run 39 
2 . 2-128 Temperature Distribution for  Axial J e t  153 
Flow: Test 135, Run 39 
2.2-129 Transient Temperature Destratif ication: 154 
T e s t  135, Run 39 
2 . 2-130 Transient ATemperature Destratif ication: 155 
T e s t  135, Run 39 
2.2-131 Fraction of I n i t i a l  Temperature Differ- 156 
ence After Surface Temperature Starts 
to  Drop (Pump on a t  8 - 0.0 see; Sur- 
face Temperature Drops a t  8 
Test 135, Run 39 
= 0.0 sec): 1 
2 . 2-132 
2 . 2-133 
Transient Energy Integral:  Test 135, 157 
Run 39 




Fort Worth Division 
L I S T  O F  F I G U R E S  (Cont'd) 
FiRure Page 
2.2-134 Correlation of Axial Jet Dye Layer 159 
Motion for  Region I: T e s t  136, Run 45 
2.2-135 Axial Jet  Dye Layer Motion: T e s t  138, 160 
Run 5 
2.2-136 Correlation of Axial Jet Dye Layer 161 
Motion for  Region I: T e s t  138, Run 5 
2 2-137 Correlation of Axial Jet Dye Layer 162 
Motion for  Region 11: T e s t  138, Run 5 
2.2-138 Axial Jet Dye Layer Motion: Test 146, 163 
Run 12  
2 2-139 Axial Dye Layer Motion: T e s t  148, 164 
Run 23 
2.2-140 Axial Jet  Dye Layer Motion: Test 151, 165 
Run 6 
2.2-141 Correlation of Axial Jet Dye Layer 166 
Motion for  Region I: Test 151, Run 6 
2 * 2-142 Correlation of Axial Jet Dye Layer 167 
Motion for  Region 11: T e s t  151, Run 6 
2 2-143 Correlation of Axial Jet Dye Layer 168 
Motion for  Region 111: T e s t  151, Run 6 
2.2-144 Axial Dye Layer Motion: T e s t  152, 169 
Run 15 
2.2-145 Axial Dye Layer Motion: T e s t  154, 170 
Run 16 
2 2-146 Axial Dye Layer Motion: T e s t  155, 171 
Run 19 
2 2-147 Axial Dye Layer Motion: T e s t  156, 172 
xv i i i  
Run 20 
GENERAL DYNAMICS 
Fort Worth Division 
L I S T 0 F F I G U R E S (Cont'd) 
Figure 
2.2-148 Temperature Distribution for Axial Jet 173 
Flow: Test 158, Run 42 
2.2-149 





2 . 2-155 
2.2-156 
2.2-157 
2 . 2-158 
2.2-159 
Transient Temperature Destratification: 174 
Test 158, Run 42 
Transient ATemperature Destratification: 175 
Test 158, Run 42 
Fraction of Initial Temperature Differ- 
ence After Surface Temperature Starts 
to Drop (Pump on at 8 = 0.0 sec; SUP 
face Temperature Drops at 8 
Test 158, Run 42 
176 
= 0.0 sec): 1 
Transient Energy Integral: Test 158, 177 
Run 42 
Axial Jet Dye Layer Motion: Test 161, 178 
Run 28 
Axial Jet Dye Layer Motion: Test 161, 179 
Run 28 
Axial Jet Dye Layer Motion: Test 161, 180 
Run 29 
AxialJet Dye Layer Motion: Test 162, 181 
Run 9 
Transient Temperature Destratification: 182 
Test 162, Run 9 
Transient ATemperature Destratification: 183 
Test 162, Run 9 
Fraction of Initial Temperature Differ- 
ence After Surface Temperature Starts 
to Drop (Pump on at 8 - 0.0 sec; Sur- 
face Temperature Drops at el = 0.0 sec): 




Fort Worth Division 
L I S T  O F  F I G U R E S  (Cont'd) 
Figure Page 
2.2-160 Transient Energy Integral: Test 162, 185 
Run 9 
2 . 2 4 6 1  Axial Jet  Dye Layer Motion: Test 163, 186 
Run 30 
2.2-162 Temperature D i s t r i b u t i o n  f o r  Axial Jet 187 
Flow: Tes t  165, Run 32 
2.2-163 Transient Temperature D e s t r a t i f i c a t i o n :  188 
T e s t  165, Run 32 
2.2-164 Transient ATemperature Des t r a t i  f i c a t i o n  : 189 
T e s t  165, Run 32 
2.2-165 F rac t ion  of  I n i t i a l  Temperature Differ- 190 
ence A f t e r  Surface Temperature S t a r t s  
t o  Drop (Pump on a t  8 = 0.0 sec; Sur- 
face  Temperature Drops a t  
Test 165, Run 32 
= 0.0 sec): 
2 . 2-166 Transient Energy I n t e g r a l :  Tes t  165, 191 
Run 32 
2.2-167 Axial Jet Dye Layer Motion: T e s t  166, 192 
Run 33 
2.2-168 Temperature D i s t r i b u t i o n  f o r  Axial Jet  193 
Flow: Test 166, Run 33 




Fort Worth Division 
L I S T  O F  F I G U R E S  (Cont'd) 
Figure . Page 
3.0-1 Transient Pressure Decay: Test 12, 199 
Run 7 
3 . 0-2 Fraction of Initial Pressure Differ- 200 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 - 0.0 sec; Ullage 
Pressure Drops at 
Test 12, Run 7 





3 . 0-7 
3 . 0-8 
3.0-9 
3.0-10 
Transient Temperature Destratification: 201 
Test 12, Run 7 
Transient ATemperature Destratification: 202 
Test 12, Run 7 
Fraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 - 0.0 sec; Ullage 
Pressure Drops at 
Test 12, Run 7 
203 
- 0.0 sec): 
Transient Energy Integral: Test 12, 204 
Run 7 
Transient Pressure Decay: Test 12, Run 6 205 
Fraction of Initial Pressure Differ- 206 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at 8 
Test 12, Run 6 
= 0.0 sec): 1 
Transient Temperature Destratification: 207 
Test 12, Run 6 
Transient ATemperature Des tratification: 208 
Test 12, Run 6 
xxi 
GENERAL DYNAMICS 
Fort Worth Division 




3 e 0-15 




3 * 0-20 
L I S T  O F  F I G U R E S  (Cont'd) 
Page 
Fraction of I n i t i a l  Temperature Differ- 
ence After Ullage Pressure S ta r t s  to  
Drop (Pump on a t  0 -  0.0 see; Ullage 
Pressure Drops a t  el = 0.0 sec):  
Test 12,  Run 6 
209 
Transient Energy Integral:  Test 1 2 ,  210 
Run 6 
Transient Pressure Decay: Test 12 ,  211  
Run 8 
Fraction of I n i t i a l  Pressure Differ- 212 
ence After Ullage Pressure Starts t o  
Drop (Pump on a t  8 = 0.0 sec; Ullage 
Pressure Drops a t  el = 0.0 sec):  
Test 12 ,  Run 8 
Transient Temperature Destrat i f icat ion:  213 
T e s t  12 ,  Run 8 
Trans ien t ATempe r a  ture Des tra t i f i c  a t i on : 
Test 12 ,  Run 8 
2 14 
Fraction of I n i t i a l  Temperature Differ- 
ence After Ullage PrG,ssure Starts to  
Drop (Pump on a t  8 = 0.0 sec; Ullage 
Pressure Drops a t  el = 0.0 Set): 
Test 12 ,  Run 8 
215 
Transient Energy Integral:  Test 1 2 ,  216 
Run 8 
Transient Pressure Decay: Test 12,  217 
Run 9 
Fraction of I n i t i a l  Pressure Differ- 218 
ence After Ullage Pressure Starts t o  
Drop (Pump on a t  8 = 0.0 sec; Ullage 
Pressure Drops a t  el = 0.0 sec): 
Test 12 ,  Run 9 
xxii 
BINIFPAL OVNAMlCS 
Fort Worth Division 
Figure 
3.0-21 
3 . 0-22 
3.0-23 
3 . 0-24 
3.0-25 
3 . 0-26 
3 . 0-27 
3.0-28 
3 . 0-29 
3.0-30 
L I S T  O F  F I G U R E S  (Cont 'd) 
. P L B e  
Transient Temperature Destratification: 219 
Test 12, Run 9 
Transient ATemperature Destratif ication : 220 
Test 12, Run 9 
Fraction of In i t i a l  Temperature Differ- 
ence After Ullage Pressure Starts to  
Drop (Pump on a t  8 = 0.0 sec; Ullage 
Pressure Drops a t  el = 0.0 sec): 
Test 12, Run 9 
221 
Transient Energy Integral: Test 12 ,  222 
Run 9 
Transient Pressure Decay: T e s t  12, 223 
Run 11 
Fraction of I n i t i a l  Pressure Differ- 224 
ence After Ullage Pressure Starts to 
Drop (Pump on a t  0 = 0.0 sec; Ullage 
Pressure Drops a t  el = 0.0 sec): 
Test 12, Run 11 
Transient Temperature Des t r a t i  f ica tion : 
Test 12, Run 11 
225 
Transient ATemperature Des tra t i f i ca t  ion : 
Test 12, Run 11 
226 
Fraction of I n i t i a l  Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (pump on a t  8 = 0.0 sec; Ullage 
Pressure Drops a t  
Test 12, Run 11 
227 
= 0.0 sec): 




Fort Worth Division 
3.0-31 
3.0-32 




3 e 0-38 
3 e 0-39 
3.0-40 
L I S T  O F  F I G U R E S  (Cont'd) 
Transient Pressure Decay: Test 13, 
Run 14 
Fraction of Initial Pressure Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at el = 0.0 see): 
Test 13, Run 14 
Transient Temperature Des tra ti f ica tion : 
Test 13, Run 14 
Transient ATemperature Destratification: 
Test 13, Run 14 
Fraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 see; Ullage 
Pressure Drops at el = 0.0 see): 
Test 13, Run 14 
Transient Energy Integral: Test 13, 
Run 14 
Transient Pressure Decay: Test 13, 
Run 15 
Fraction of Initial Pressure Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 9 = 0.0 see; Ullage 
Pressure Drops at el = 0.0 see): 
Test 13, Run 15 
Transient Temperature Des tra t i f ica t ion : 
Test 13, Run 15 
, Page 
Transient ATemperature Destratification: 238 
























L I S T 0 F F I G U R E S (Cont'd) 
a Pane 
Fraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 see; Ullage 
Pressure Drops at el = 0.0 sec): 
Test 13, Run 15 
239 
Transient Energy Integral: Test 13, 
Run 15 
Transient Pressure Decay: Test 13, 
Run 17 
Fraction of Initial Pressure Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 - 0.0 sec; Ullage 
Pressure Drops at el = 0.0 sec): 




Transient Temperature Des tratif ica tion : 
Test 13, Run 17 
243 
Transient ATemperature Destratification: 244 
Test 13, Run 17 
Fraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at el - 0.0 sec): 
Test 13, Run 17 
245 
Transient Energy Integral: Test 13, 
Run 17 
Transient Pressure Decay: Test 13, 
Run 18 
Fraction of Initial Pressure Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at 0.0 aec): 
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L I S T 0 F F I G U R E S (Cont'd) 
. Page 
Transient Temperature Destratification: 249 
Test 13, Run 18 
Transient ATemperature Destratification: 250 
Test 13, Run 18 
Fraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 6 = 0.0 see; Ullage 
Pressure Drops at el = 0.0 sec): 
Test 13, Run 18 
251 
Transient Energy Integral: Test 13, 
Run 18 
Transient Pressure Decay: Test 13, 
Run 19 
Fraction of Initial Pressure Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at el = 0.0 sec: 




Transient Temperature Destratification: 255 
Test 13, Run 19 
Transient ATemperature Destratification: 256 
Test 13, Run 19 
Eraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at 
Test 13, Run 19 
257 
= 0.0 sec): 
Transient Energy Integral: Test 13, 258 
Run 19 
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Fimre 
3 . 0-61 
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3 . 0-64 
3 . 0-65 
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3 . 0-67 
3 . 0-68 
3 . 0-69 
3 . 0-70 
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Transient Pressure Decay: Test 14, 259 
Run 20 
Fraction of Initial Pressure Differ- 260 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at 8 
Test 14, Run 20 
- 0.0 sec): 1 
Transient Temperature Destratification: 261 
Test 14, Run 20 
Transient dTemperature Des tra ti f ica tion : 262 
Test 14, Run 20 
Fraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at el = 0.0 sec): 
Test 14, Run 20 
Transient Energy Integral: Test 14, 
Run 20 
Transient Pressure Decay: Test 14, 
Run 21 
Fraction of Initial Pressure Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at el = 0.0 see): 
Test 14, Run 21 
Transient Temperature Destratification: 






Transient dTemperature Destratification: 268 
Test 14, Run 21 
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3 . 0-73 
3 . 0-74 
3 . 0-75 
3 , 0-76 
3.0-77 
3 . 0-78 
3 . 0-79 
3 . 0-80 
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Fraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at el = 0.0 sec): 
Test 14, Run 21 
269 
Transient Energy Integral: Test 14, 270 
Run 21 
Transient Pressure Decay: Test 14, 271 
Run 22 
Fraction of Initial Pressure Differ- 272 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0,O sec; Ullage 
Pressure Drops at el e= 0.0 sec): 
Test 15, Run 22 
Transient Temperature Destratification: 273 
Test 15, Run 22 
Transient ATemperature Destratification: 274 
Test 15, Run 22 
Fraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0,O sec; Ullage 
Pressure Drops at 
Test 15, Run 22 
275 
= 0,O sec): 
Transient Energy Integral: Test 15, 276 
Run 22 
Transient Pressure Decay: Test 15, 277 
Run 23 
Fraction of Initial Pressure Differ- 278 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 - 0.0 sec; Ullage 
Pressure Drops at e l =  0.0 sec): 
Test 15, Run 23 
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L I S T 0 F F 14S U R E S (Cont'd) 
Transient Temperature Destratification: 
Test 15, Run 23 
Transient ATemperature Destratification: 
Test 15, Run 23 
Fraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at 
Test 15, Run 23 
= 0.0 sec): 
Transient Energy Integral: Test 15, 
Run 23 
Transient Pressure Decay: Test 15, 
Run 24 
Fraction of Initial Pressure Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Test 15, Run 24 
sure Drops at - 0.0 sec): 
Transient Temperature Destratification: 
Test 15, Run 24 
Fraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at 0.0 see): 
Test 15, Run 24 
Transient Energy Integral: Test 15, 
Run 24 
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L I S T 0 F F I G U R E S (Cont'd) 
PaEe 
90-91 Fraction of Initial Pressure Differ- 289 
ence After Ullage Pressure Starts to 
Drop (pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at el = 0.0 sec): 
3.0-92 Transient Temperature Destratification: 290 
Test 15, Run 25 
3.0-93 Transient ATemperature Destratification: 291 
Test 15, Run 25 
3.0-94 Fraction of Initial Temperature Differ- 292 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 see; Ullage 
Pressure Drops at el = 0.0 sec): 
3.0-95 Transient Energy Integral: Test 15, 
Run 25 
3.0-96 Transient Pressure Decay: Test 15, 
Run 26 
3 . 0-97 Fraction of Initial Pressure Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 = 0.0 sec; Ullage 
Pressure Drops at el = 0.0 sec): 







Transient Temperature Destratification: 296 
T e s t  15, Run 26 
Transient ATemperature Destratification: 297 
Test 15, Run 26 
Fraction o f  Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
p on at 8 = 0,O sec; Ullage 
Pressure Drops at el = 0.0 sec): 
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Transient Energy Integral: Test 15, 
Run 26 
Transient Pressure Decay: Test 16, 
Run 28 
Fraction of Initial Pressure Dfffer- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 8 - 0.0 sec; Ullage 
Pressure Drops at el = 0.0 sec): 
Test 16, Run 28 
Transient Temperature Destratification: 






Transient ATemperature Destratification: 303 
Test 16, Run 28 
Fraction of Initial Temperature Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 6 = 0.0 sec; Ullage 
Pressure ~ r o p s  at 8,. = 0.0 sec): 
Test 16, Run 28 
Transient Energy Integral: Test 16, 
Run 28 
Transient Pressure Decay: Test 16, 
Run 29 
Fraction of Initial Pressure Differ- 
ence After Ullage Pressure Starts to 
Drop (Pump on at 6 = 0.0 sec; Ullage 
Pressure Drops at el - 0.0 sec): 
Test 16, Run 29 
Transient Temperature Destratification: 

















3 . 0-119 
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3 09 Transient 
Test 16, Run 29 
ATempera ture Des t ra  t i f ica t ion : 
Fraction of I n i t i a l  Temperature Differ- 
ence After Ullage Pressure Starts t o  
Drop (Pump on a t  6 = 0.0 sec; Ullage 
Pressure Drops a t  el = 0.0 sec): 
T e s t  16,  Run 29 
Transient Energy Integral: Test 16, 
Run 29 
Transient Pressure Decay: T e s t  16, 
Run 30 
Fraction of I n i t i a l  Pressure Differ- 
ence After Ullage Pressure Starts to  
Drop (Pump on a t  6 = 0.0 sec; Ullage 
Pressure Drops a t  
T e s t  1 6 ,  Run 30 
= 0.0 sec): 
Transient Temperature Destratif ication: 






Transient ATemperature Destratif ication: 315 
Test 16, Run 30 
Fraction of I n i t i a l  Temperature Differ- 
ence After Ullage Pressure Starts t o  
Drop (Pump on a t  6 = 0.0 sec; Ullage 
Pressure Drops a t  
Test 16,  Run 30 
316 
= 0.0 sec): 
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Table -
2.0-1 Summary of Open-Tank Tests 6 
2.1-1 Concave-Tank- Bo t tom Jet-Mo t ion Tes ts 16 
2.1-2 Convex- Tank- Bottom Je t-Mo t ion Te s t s 16 
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Heated area A 
Constant pressure specific heat Btu/lbm-OF 
in 
P C 
DO Nozzle diameter 
Dt Tank diameter in 












Mass of water in tank 
Mass flow rate 
Initial Grashof number divided 
by the square of the Reynolds 
number 
N%i Initial Nusselt number, 





Tank pressure psia 
'm Saturation pressure of 
water at Tm 
Difference between P and Pm 
for mixed conditions at 




Btu/sec Bottom heater power input 
xxxv 
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N 0 M E N C L A T U R E (Cont'd) 
Description Units 
Total heat absorbed by water 
based on difference between final 
and initial Tm 
Sidewall heater power input Btu/sec 
Top heater power input Btu/sec 
Btu/sec 
Temperature OF 
Average temperature at nozzle exit OF 
Mean water temperature 
Average surface temperature 
Nozzle exit velocity 
Volume of water 
Axial distance above nozzle exit 
Axial distance from nozzle exit 
to liquid/vapor interface 
Thermal coefficient of expansion 
- 'NCf Pm 
Time after heater or pump 
turned on 
Time after pump turned on when 
T, or P begins to decrease or when 
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N 0 M E N C L A T U R E (Cont'd) 
Description Units 
Time associated with the axial sec 
jet moving up through the fluid 
_I__ 
h i t  ial performance paramter 
Ai = Q~/(T,-T~)~ 60 cp 
Initial performance parameter - 
Kinematic viscosity ft /sec 
Ami' Qln/(Ts-Tm) f dno cp 
2 
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S E C T I O N  1 
I N T R O D U C T I O N  
This volume of t h e  f i n a l  report  contains the data u t i -  
l i zed  from the open-and closed-tank tests conducted during 
t h i s  study. Ttre purpose of documenting these data is t o  (1) 
provide the detai led t e s t  data from which the correlat ions 
i n  Volume I were obtained, and (2) furnish data for fur ther  
analyses as required. 
The data presented are i n  the form of tabular summaries 
of test conditions and graphical representations of the t e s t  
r e su l t s  i n  both basic and dimensionless form. The data are 
divided in to  two sections. The f i r s t  section presents the  
r e su l t s  of 58 open-tank tests (non-pressurized). The second 
section contains the r e su l t s  of 20 closed-tank tests (pres- 
surized). 
Data for the open tank tests consis t  of jet-motion and 
jet-mixing data. 
measurements of t h e  j e t  posit ion i n  the tank as revealed by 
blue dye i n  the je t .  
pictures of the various tests. The j e t  mixing data consis ts  
of dye posit ion and temperature measurements. 
dye measurements were a l so  obtained from motion pictures 
The j e t  motion data resulted from visual 
These measurements were made from motion 
The j e t  mixing 
made during the tests. The dye data are presented as a 
1 
GENERAL DYNAMICS 
Fort Worth Division 
function of time versus dye level in the tank and in dimen- 
sionless form as a ratio of the dye level to the water level 
above the nozzle. Open tank temperature data presented con- 
sists of the surface and bottom temperatures as a function 
of time and the temperature difference between the surface 
temperature and the mean temperature and the difference 
between the mean temperature and the mean initial temperature 
versus time. In addition, temperature distributions in the 
tank with time as a parameter are also shown for some tests. 
Dimensionless temperature ratios, (Ts-Tb) /(Ts-Tb) i and 
(Ts-T&/(Ts-T&i, are shown as a function of V, Do 01/ Dt. 
The energy integral, Im , is shown as a function of VoDoO/Dt, 
2 
2 
Closed tank temperature data is presented in much the 
same manner. There is no dye data for the closed tank tests. 
In addition to the temperature data, pressure histories dur- 
ing closed tank tests are shown as pressure versus time and 
2 as a dimensionless pressure ratio AP/ A Pi versus VoDoO~/Dt, 
Each figure is identified by a test and run number. 
These are shmn for the convenience of the program personnel 
in order to allow convenient reference to the original strip 
charts and computer printouts from which.the data shown in 
this volume were taken. The test number refers to the number 
assigned to the particular test conditions in the original 
matrix. The run number refers to the sequence in which the 
2 
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tests were actually run. 
number of runs and run and test numbers are due to (1) dele- 
tion of some tests of marginal interest in the test matrix 
because of previous work, (2) elimination of runs intended 
for system checkout purpose and (3) elimination of runs in 
which the data was of limited usefulness due to test pro- 
cedural difficulties or data acquisition problems. 
The discrepancies between the total 
The methods of correlation are discussed in Section 2 
of Volume I of the annual report. 
figures and tables are generally self-explanatory or easily 
identified in the nomenclature. Most of the dimensionless 
data shown in the figure are given in terms of an initial 
temperature, pressure, or dye level condition. This infor- 
mation plus values of temperature, pressure, and dye level 
given as a function of time will allow ready calculation 
of the dimensionless values for other than initial condi- 
tions . 
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2 . 1  JET MOTION DATA 
The following j e t  motion data was obtained visual ly  from film 
data of an ax ia l  j e t  moving up t o  the liquid/vapor interface 








,- -- ---- - -  
e2 
Q3 





A correlat ion of the data shown i n  the following figures yields 
the time required fo r  the j e t  t o  reach the l iquid surface for  
various zb/Dt r a t io s .  
15 
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17.7 in.  
0 .25  fn. 
0 .  
0 .  
47 gpm 
2 
0639 ft /Set 
0 1 2 
@j, Sec 
3 4 
Figure 2.1-1 Axial Jet Motion After Pump 
Turned On: Test 135, Run 39 
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0 1 2 3 4 
8j, Sec 
Figure 2.1-2 Axial Jet Motion After Pump Turned 
On: Test 137, Run 37 
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20 
15 
0 0.5 1 .o 
ej, sec 
Concave Tank Bottom 
Zb = 17.7 in. 
Do = 0.032 in. 
Go = 0.110 gpm 
1.5 2.0 
Figure 2.1-3 Axial Jet Motion After Pump Turned On: 
Test 137, Run 38 
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Fort Worth Division 
Concave Tank Bottom 
Zb = 17.7 in. 
Do = 0.25 in. 
Go = 0.683 gpm 
0 2 4 6 
9j, Sec 
8 
Figure 2.1-5 Axial Jet Motion After Ptnnp Turned 
On: Test 158 
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GO = 0.065 gpm 
- 
0 2 4 6 8 10 
0
Qj, sec 
Figure 2.1-6 Axial Jet Motion After Pump Turned 
On: Test 8, Run 54 
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0 2 6 8 
Figure 2.1-7 Axial Jet Motion After Pump 






Fort Worth Division 
4 
Qj, sec 
Figure 2.1-8 Axial Jet Motion A f t e r  Pump Turned 
On: Test JP 2 
24 
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2.2 . JET MIXING DATA 
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!8 25 20 15 10 5 0 
Axial Distance from Tank Bottom, in. 
Figure 2.2-3 Temperature Distribution for Axial 
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I n = 0.0 
15 20 
Figure 2.2-6 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8=0.0 sec; Surface Temp.Drops 
at 814.0 sei=): Test I, Run 48 
31 
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28 25 20 15 10 5 0 
Axial Distance from Tank Bottom, in. 
Figure 2.2-12 Temperature Distribution for Axial 
Jet Flow: Test 3, Run 49 
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Figure 2.2-15 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 810.0 see; Surface Temp.Drops 
at 814.0 sec): Test 3, Run 49 
40 
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Axial Distance from Tank Bottom, in. 
Figure 2.2-20 Temperature Distribution for Axial 












































































Figure 2,2023 Fr ion of Initial Temperature Difference 
Surface Temperature Starts to Drop 
on at 8~0.0 sec; Surface Temp.Drops 
-0.0 sec): Test 5, Run 50 
48 
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Note: Times a r e  





28 2 5  20 15 10 5 
A x i a l  Distance from Tank Bottom, in. 
0 
Figure 2,2-25 Temperature Distribution for Axial 
Jet Flo  T e s t  6, Run 51 
50 
/=’ 
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100 
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Figure 2.2-28 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 84.0 sec; Surface Temp.Drops 
at 914.0 set): T e s t  6 ,  Run 5 1  
53 
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5 10 15 20 
Figure 2.2-33 Fraction of Initial  Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at  0 4 . 0  see; Surface Temp.Drops 
at  8 1 4 . 0  sec): Test 8,  Run 54 
58 
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L O  
Axial Distance from Tank'Bottom, in. 
Figure 2.2-37 Temperature Distribution for Axial 
Jet Flow: Test 9, Run 55 
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Figure 2.2-40 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8mO.O sec; Surface Temp.Drops 
at 8 1 4 . 0  sec) : Test 9, Run 55 
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28 25 20 15 10 5 
Axial Distance from Tank, Bottom, in. 
0 
Figure 2.2-47 Temperature Distribution for  Axial 
Jet Flow: Test 14, Run 56 
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100 
10'2 
0 5 10 15 20 
Figure 2.2-50 Fraction of Init ial  Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at  8-0.0 sec; Surface Temp.Drop8 
at  0 1 4 . 0  sec): Test 14, Run 56 
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Note: Times are 
referenced to the 
28 25 20 15 10 5 
Axial Distance from Tank Bottom, in. 
0 
Figure 2.2-5 Temperature Distribution for Axial 
Jet Flow: T e s t  19, Run 61 
8 
r\ . 















































Figure 2.2-59 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 84.0 sec; Surface Temp.Drops 
at 814 .0  sec): Test 19, Run 61 
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28 ‘25 15 10 5 
Axial Distance from Tank Bottom, in. 
Figure 2.2-64 Temperature Distribution for Axial 
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Figure 2.2-67 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 84.0 sec; Surface Temp.Drops 
at 81-0.0 sec): Test 24, Run 71 
92 
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Figure 2.2-71 Temperature Distribution for Axial 
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Figure 2,2074 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8=0.0 sec; Surface Temp.Drops 
at 8 1 4 . 0  sec): Test 2 7 ,  Run 74 
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Figure 2.2-82 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump dn at 810.0 sec; Surface Temp.Drops 
at 81"0.0 sec): Test 2 9 ,  Run 66 
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Figure 2.2-90Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8=0.0 sec; Surface Temp.Drops 
at 8yO.O sec): Test 31, Run 67 
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J 
Prec ct io  
Based on Dye Motion 
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-- 
5 10 15 
I 
20 
Figure 2.2-94Fraction of Initial  Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 810.0 sec; Surface Temp.Drops 
at 814.0 sec): T e s t  32, Run 69 
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Note: Times are 






28 25 20 15 10 5 0 
Axial Distance from Tank Bottom, in. 
Figure 2.2-98Temperature Distribution for Axial 
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Figure 2.2-101Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8=0.0 sec; Surface Temp.Drops 
at 8 1 4 . 0  sec): T e s t  33, Run 70 
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Axial Distance from Tank Bottom, in. 
Figure 2.2-103 Temperature Distribution for Axial 
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Figure 2.2-106 Fraction of Initial  Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8=0.0 sec; Surface Temp.Drops 
at 81-0.0 see): Test 35, Run 76 
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Figure 2.2-111Temperature Distribution for Axial 
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Figure 2.2-112 Temperature Distribution for Axial 






































Fort Worth Division 
140 
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Figure -2.2-114 Temperature Distribution for Axial 
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Figure 2.2-117 
urface Temp. Drops 
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Figure 2.2-123 Temperature Distribution for Axial 
Jet Flow: Test 133, Run 43 
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Figuret 2,20128 Temperature Distribution for Axial 
Jet Flow: Teet 135, Run 39 
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Figure 2.2-132 F Son of Initial  T erature Difference 
Surface Tempera e Starts to Drop 
on at  8-0.0 sec; Surface Temp.Drops 
=0,0 sec): Test 135,  Run 39 
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Axial Distance from Tank Bottom, in. 
Figure 2.2-148 Temperature Distribution for Axial 
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Figure 2.2-151 Fraction of Initial  Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at  8=0.0 see; Surface Temp.Drops 
at  814.0 sec): Test 158, Run 42 
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Figure 2.2-159 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8 4 l . O  see; Surface Temp.Drops 
at 81-0.0 sec): Test 162, Run 9 
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Figure 2.2-162 Temperature Distribution for Axial 
Jet Flow: Test 165, Run 32 
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Figure 2.2-165 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8mO.O sec; Surface Temp.Drops 
at Q1"o.O sec): T e s t  i65, Run 32 
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Figure 2.2-168 Temperature Distribution for Axial 
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Figure 3.0-2 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 see; Ullage Pressure 
Drops at Q1=0.O sec) : Test 12, Run 6 
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Figure 3.0-5 Fraction of I n i t i a l  Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 see; Ullage Pressure 
Drops at 4l1=0.O sec): Test 12, Run 6 
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Ni= 4.579 
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Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 0=0,0 sec; Ullage Pressure 
Drops at e1=O.o sec): Test 12, Run 7 
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Figure 3.0-11 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 9=0.0 sec; Ullage Pressure 
Drops at O1=O.O sec): Test 12, 7 
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Figure 3.0-14 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 sec; Ullage Pressure 
Drops at Q1=0.O sec): Test 12, Run 8 
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Figure 3.0-17 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 9~0.0 see; Ullage Pressure 
Drops at 81-0.0 sec) : Test 12, Run 8 
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Figure 3.0-20 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8 4 . 0  sec; Ullage Pressure 
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Figure 3.0-23 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 0=0.0 sec; Ullage Pressure 
Drops at e1=0.O sec) :  est 13, Run 9 
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Figure 3.0-26 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 see; Ullage Pressure 
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Figure 3.0-29 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 sec; Ullage Pressure 
Drops at 81=o.0 sec): Test 1 2 ,  Run 11 
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Figure 3.0-32 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 sec; Ullage Pressure 
Drops at Q1=0.O sec): Test 13, Run 14 
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Figure 3.0-35 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 0~0.0 sec; Ullage Pressure 
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Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 sec; Ullage Pressure 
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Figure 3.0-41 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on a t  8-0.0 sec; Ullage Pressure 
Drops at  81=0.0 sec): T e s t  1 3 ,  Run 15 
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Figure 3.0-44 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 84.0 sec; Ullage Pressure 
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Figure 3.0-47 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 see; Ullage Pressure 
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Figure 3.0-5 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8==Q.Q sec; Ullage Pressure 
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Figure 3.0-53 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at Q=O,O see; Ullage Pressure 
Drops at Q1=0.O sec): Test 13, Run 18 
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Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 84.0 sec; Ullage Pressure 
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Figure 3.0 - 59 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 0=0.0 sec; Ullage Pressure 
Drops at e1=0.O sec): Test 13, Run 19 
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Figure 3.0-62 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 see; Ullage Pressure 
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Figure 3.0-65 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at $=O.O sec; Ullage Pressure 
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Figure 3.0-68 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 830.0 sec; Ullage Pressure 
Drops at 81=o.0 See): Test 14, Run 21 
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Figure 3.0-71 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 810.0 see; Ullage Pressure 
Drops at 814.0 see): Test 14, Run 21 
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Figure 3.0-74 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 9IPO.Q sec; Ullage Pressure 
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Figure 3.0-77 Fraction of In i t i a l  Temperature Difference 
After Ullage Pressure Starts t o  Drop 
(Pump on a t  8~0.0 sec; Ullage Pressure 
Drops a t  Bl=0.O sec): T e s t  15 ,  Run 22 
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Figure 3.0-80 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 9=0.0 sec; Ullage Pressure 
Drops at Q1=0.O sec): Test 15, Run 23 
278 
GENERAL DYNAMICS 




































Fort Worth Division 
0 5 10 1s 20 
Figure 3.0-83 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 see; Ullage Pressure 
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Figure 300-86 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 sec; Ullage Pressure 
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Figure 3e0-88 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 0-0.0 sec; Ullage Pressure 
Drops at Q1=0.O sec): Test 15, Run 24 
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Figure 3,0-91 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8 4 , O  sec; Ullage Pressure 
Drops at 8 1 4 . 0  sec): T e s t  15, Run 25 
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Figure 3.0-94 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump OR at 8-0.0 see; Ullage Pressure 
Drops at 91=0.0 see) : T e s t  15, Run 25 
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Figure 3.0-97 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 sec; Ullage Pressure 
Drops at 81=0.0 set): Test 15, Run 26 
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Figure 3.0-100 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 sec; Ullage Pressure 
Drops at Q1'O.O sec): Test 15, Run 26 
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FiGre 3.0-103 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 see; Ullage Pressure 
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Figure 3.0-106 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 sec; Ullage Pressure 
Drops at Q1=0.O sec): Test 16, Run 28 
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Figure  3.0-109 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 sec; Ullage Pressure 
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Figure 3.0-112 Fraction of I n i t i a l  Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on a t  8=0.0 sec; Ullage Pressure 
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Figure 3.0 - 115 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8pO.O sec; Ullage Pressure 
Drops at 81-o.0 sec): T e s t  1 6 ,  Run 30 
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Figure 3.0 - 118 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 820.0 sec; Ullage Pressure 
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